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Abstract
The oxidation characteristics of a pure ester (trlmethyolpropane
trlheptanoate) were studied by using a chemllumlnescence technique. Tests
were run 1n a th1n-f1lm m1cro-ox1dat1on apparatus with an aluminum alloy
catalyst. Conditions Included a pure oxygen atmosphere and a temperature
range of 176 to 206 °C. Results Indicated that oxidation of the ester
-3(containing 10 M dlphenylanthracene as an 1ntens1f1er) was accompanied by
emission of light. The maximum Intensity of light emission (!„„„) was amax
function of the amount of ester, the concentration of 1ntens1f1er, and the
test temperature. The Induction period or the time to reach one-half of
maximum Intensity (t, ,_) was an Inverse function of test temperature.
Decreases 1n light emission at the later stages of a test were caused by
depletion of the 1ntens1f1er.
INTRODUCTION
Advanced aircraft will place Increased thermal stresses on lubricants and
hydraulic fluids. Maximum fluid temperatures 1n excess of 316 °C have been
forecast for future applications (1) to (3). The primary limitation at these
temperatures 1s normally oxidation. Oxidation results 1n fluid degradation,
viscosity Increases, and the production of sludge and deposits (4),(5). Over
the years many tests have been devised to simulate the oxidizing environment,
Including the effect of catalytic materials (5). Recently, a sensitive
m1cro-ox1dat1on test has been developed at Pennsylvania State University (6)
that effectively simulates the conditions (thin lubricant film on a hot metal
surface) 1n a lubricating environment (4),(7).
One phenomenon associated with lubricant oxidation Is chem1lum1nescence.
This 1s the process by which light 1n the visible range 1s emitted during the
oxidation process (8). Although this light emission 1s very weak, modern,
highly sensitive detectors, can easily measure this process. Advantages of
using emitted light as a means of studying oxidation Include the following
(9),(10) 1. 1t""Isr very sensitive, ~2~1t~1s nonlnvaslve, 3. the reaction-can be
followed as a function of time, and 4. certain kinetic parameters can be
extracted from the light emission data. A comprehensive review of the use of
chem!luminescence for fuel and lubricant oxidation studies appears 1n
Ref. 11. A brief discussion about oxidation and chemlluminescence appears 1n
the following Background section.
BACKGROUND
Chemlluminescence (CL) (the light emitted as a result of a chemical
reaction) has been recognized since antiquity. It occurs when a product of
some chemical reactions 1s 1n an excited electronic state. When this molecule
relaxes to ground state, a photon 1s emitted and light 1s observed 1n the
visible range. Typically, the highly efficient processes occur 1n biological
systems, such as the firefly and marine organisms (12).
Electrochemlcally generated CL, peroxide reactions, and oxidation of
hydrocarbons are typically low efficiency processes requiring more sensitive
equipment than the human eye for detection and study. This work concerns CL
that results from auto-ox1dat1on (oxidation with molecular oxygen) of organic
lubricants.
REACTION MECHANISM
Initiation
Auto-ox1dat1on of an organic compound usually proceeds by a free radical
chain mechanism. A simplified mechanism 1s thought to occur as follows (13).
Int2 S1 2 Int- (1)
Int- + RH -» IntH +• R» (2)
Here an Initiator (Int) produces free radicals (Int-) at reaction rate
(R*). This radical then abstracts a proton from the hydrocarbon (RH) to
produce an alkyl radical (R-)-
Propagation
The alkyl radical (R-) reacts with molecular oxygen (02) 1n the
propagation step of the chain reaction:
R. + 02 -» ROj (3)
This step produces a peroxy radical (ROx) which, 1n turn, reacts with the
parent hydrocarbon (RH) to produce a hydroperoxlde (RC^ H):
RO- + RH -» R02H + R. (4)
This reaction regenerates the original free radical (R-) which propagates
the chain.
Termination
The chain reaction can be terminated by radical coupling of two peroxy
radicals (ROx)
2RO* -» R04R (5)
or by cross termination of the alkyl radical (R») and a peroxy radical (RO-)
(6)
or by reaction of two radicals (R-)-
2R- •» RR (7)
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Normally, when oxygen 1s present, the concentration of peroxy radicals 1s
much greater than the concentration of alkyl radicals, [RO*]»[R'] and
reactions (6) and (7) can be neglected. The actual termination reaction 1s
then reaction (5).
CHEHILUMINESCENCE
Excited States
In reaction (5), the product (RO.R) 1s a tetroxlde which will further
RO.R -» R_C = 0 + R-CHOH + CL (equation not balanced). (8)
It 1s believed that CL originates from reaction (8) (9). A very small
number of the ketone molecules (R?C = 0) produced 1n this reaction are 1n an
excited singlet or triplet state (R_C = 0*). Perhaps one photon 1s emitted
8 10for every 10 to 10 terminations.
R2C = 0* -» R2C = 0 + hv (9)
This Inefficiency 1s, 1n part, due to quenching of the excited ketone by
oxygen or other species (Q):
R2C = 0* + Q •* R2C = 0 + Q (10)
The intensity of the emitted radiation (hv) 1s directly proportional to
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the square of the peroxy radical concentration [RO*] . This dependence 1s
the basis for determining the concentration of peroxy radicals and thus the
kinetics of hydrocarbon oxidation. However, 1t should be clarified that CL
Intensity 1s not directly correlatable to overall oxidation rate. The
governing rate 1s that for the excitation process. Essentially, the excited
molecules appear 1n a side reaction. Therefore, 1t 1s possible that some
species may affect the peroxy radical concentration but not necessarily the
oxidation rate.
Intensifies
*.
The Intensity of light emission can be greatly enhanced by the addition
of small quantities of chemically Inert materials which have high fluorescent
efficiencies (10). These "fluors" (F) Increase the Intensity by energy
transfer from the excited ketone to the fluorescent additive:
R2C « 0* + F '•» F* + R2C - 0 (11)
F* -» F + hv (12)
This may Increase the CL sensitivity by several orders of magnitude. Neat DPA
alone will chem1lum1nesce 1n oxygen at temperatures greater than 180 °C.
-3However, at normal 1ntens1f1er concentration levels (10 H), Its
contribution to CL by Us own oxidation 1s minimal.
Emission as a Function of Time
An Idealized curve of light emission as a function of time for an
oxidation reaction 1s shown 1n figure 1. The emission of light gradually
Increases as oxidation proceeds and the concentration of peroxy radicals
Increases until steady state 1s reached. At this point the^Hght Intensity
reaches a maximum (I ). The time to reach this maximum (t ) 1s a
m3 x ni3 x
measure of the Induction period. More commonly, the time to reach one half of
maximum Intensity (t,/?) 1s used.
Oxygen Drop
If the oxygen flow 1s shut off while the oxidation reaction 1s
proceeding, there 1s sometimes an Immediate Increase 1n light emission. This
occurs because 0_ molecules are an effective quenchers for the excited state
species (11). The time between oxygen cutoff and the eventual drop 1n light
emission 1s called the oxygen drop time (tr).
The oxygen drop time 1s a direct measure of oxygen consumption. It 1s
therefore a direct measure of the reaction rate. The oxygen concentration 1n
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the oil film at the oxygen cut off point must be known 1n order to calculate
oxygen consumption. ,
APPARATUS
H1cro-ox1dat1on Apparatus
Figure 2 Illustrates the m1cro-ox1dat1on apparatus used 1n this study.
This 1s a modification of the oxidation apparatus developed at Pennsylvania
State University (6),(7). It consists of two heat resistant glass sections.
The outer (or lower) section accepts~the~catalyst specimen. The material to
be oxidized 1s placed on the catalyst surface. The catalyst specimen 1s held
1n place by an annular glass ring on the base of the outer, or lower, section.
The Inner (or upper) section contains the holder for the fiber-optic
probe to sense the light emission from the catalyst surface. This assembly
consists of two vertical, concentric tubes forming an annular space for
reduction of, heat transfer to the probe which contains a heat-sensitive
epoxy. The bottom of each of these tubes 1s sealed with a quartz window.
Quartz was used to prevent absorption of the emitted light before 1t can be
detected. The upper section also contains a gas Inlet tube for oxygen or
argon flow. Both sections are connected by a ground glass joint. The
distance from the end of the fiber optic probe to the top of the ester film 1s
approximately 1.5 cm.
Chem1lum1nescence Apparatus
A schematic diagram of the chem1lum1nescence apparatus 1s shown 1n
F1g. 3. The system consists of the fiber-optic probe, a photomultlpHer tube
(PMT) and housing, an ampHf 1er-d1scr1m1nator, a high voltage power supply, a
rate meter, and a recorder.
The fiber-optic probe 1s a bundle of quartz fibers (50 cm long) and
covered with a flexible stainless steel sheath (~7 mm o.d.). One end of the
probe 1s Inserted Into the m1cro-ox1dat1on apparatus. The other end 1s
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attached to a flange on the PHT housing, containing a manually operated
shutter. The photomultlpHer tube has a dark current of 4 nA and a spectral
response range of 160 to 850 nm. The housing also contains a thermoelectric
refrigerated chamber 1n order to cool the photomult1p!1er-tube cathode to
approximately 40 °C below ambient.
The Input pulse from the PUT 1s fed Into amplifier-discriminator mounted
Inside the PMT housing. The output from the amplifier-discriminator 1s
connected to a ratemeter which measures the rate of Input pulses. A 30 sec
time constant was used 1n these studies. The count rate 1s displayed on a
panel meter. There 1s also an analog voltage output to drive a strip chart
recorder.
Bath and Light-Tight Enclosure
A high temperature (250 °C) constant temperature bath was used 1n these
studies. A high viscosity slUcone fluid served as the heat transfer medium.
Bath specifications Indicated temperature control to ±0.1 °C. However, due to
the high slUcone viscosity, temperature variations of ±1 °C were common.
A cylindrical aluminum sleeve 1s mounted 1n the bath opening (10 cm long,
5 cm 1.d. and 6.5 cm o.d.). About 7 cm of this sleeve was submerged 1n the
bath fluid. A platinum resistance thermocouple 1s mounted vertically 1n the
side of the sleeve to a depth of 9 cm. This couple 1s connected to a digital
readout accurate to ±0.1 °C. The readout also has a minimum/maximum recall
mode to determine the temperature range during an experiment.
The bath and PMT housing are located Inside a light-tight metal box
located 1n the corner of a fume hood. A handle on the top of the box 1s used
to operate the PMT shutter remotely.
PROCEDURE
At least 2 hr before a test, the PMT system was turned on and allowed to
stabilize. The thermoelectric cooling system was maintained continuously.
The supply voltage to the PMT was kept constant at a setting of 1000 V.
The m1cro-ox1dat1on apparatus was thoroughly cleaned with
trlchlorotrlfluoroethane and allowed to air dry. The catalyst was cleaned
with trlchlorotrlfluoroethane and then scrubbed with a paste of submlcron
alumina. The catalyst was rinsed with tap water and then distilled water and
allowed to air dry. The catalyst was weighed and then placed with" f creeps 1n
the bottom of the lower section of the m1cro-ox1dat1on apparatus. The
catalyst and lower section of apparatus were weighed together. Then six drops
of ester were placed on the catalyst surface by pipette. The section was
rewelghed to determine exact amount of added ester.
The upper apparatus section was Inserted Into the lower section and the
device was purged with argon for 5 m1n at room temperature (flow rate
>75 ml/m1n). Next the assembled apparatus was placed 1n a steel holder on a
hot plate previously heated to 130 °C. The apparatus was purged with argon at
this temperature for 20 to 25 m1n to remove dissolved oxygen and water from
the ester film.
At this point the apparatus was placed 1n the aluminum block 1n the bath
which had previously been heated to test temperature. The fiber-optic probe
was Inserted 1n the upper section of the apparatus. A high flow rate of air
1s directed Into the annular region around the fiber-optic probe for cooling.
The top of the apparatus was covered with aluminum foil to block any stray
light, and the front cover of the enclosure was put 1n place.
While the apparatus was being Initially purged, a baseline count rate
with the PMT shutter closed was determined. After the Ughttlght box was
closed, the PMT shutter was opened and a new baseline was measured during
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temperature equilibration. After 20 to 30 m1n, the argon flow was turned off
and simultaneously the oxygen flow was begun. The Intensity of emitted light
was recorded continuously on a strip chart recorder. After the light
Intensity reaches a maximum, the test was continued for another 5 to 15 m1n
and then the oxygen and argon flows were exchanged.
The box was opened and the apparatus was removed and allowed to cool,
still under an argon purge. The two sections were separated and the lower
part was weighed to determine the ester weight loss. Then 4 ml of chloroform
was added to the lower section to dissolve the remaining ester. This sample
was retained for high-pressure liquid chromatographlc analysis (HPLC). The
catalyst was thoroughly rinsed with trUhlorotrlfluoroethane, allowed to air
dry and weighed, to determine whether deposits remained on the catalyst.
MATERIALS
Lubricant
An ester (trlmethyolpropane trlheptanoate) TMPTH was used 1n these
studies. Its structure 1s shown 1n F1g. 4(a) and some chemical and physical
properties are given 1n Table I.
Intenslfler
9,lO-D1phenylanthracene (OPA) was used as an 1ntens1f1er to Increase the
efficiency of light emission. Its purity was 99 percent and was used as
received. Its structure 1s shown 1n F1g. 4(b).
Catalyst
The catalyst material used was aluminum alloy 2024 which has the
following nominal composition: Copper 3.8 to 4.9 percent, manganese 0.3 to
0.9 percent, magnesium 1.2 to 1.8 percent, BALANCE-alumlnum. The dimensions
of the catalyst are Illustrated 1n F1g. 5. This alloy was chosen because 1t
1s the aluminum alloy used In the standard oxidation-corrosion test developed
by the A1r Force (14).
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RESULTS
I as a Function of Time
-max
Light emission data as a function of time are shown 1n F1g. 6 for various
temperatures. Maximum light emission Increases with Increasing temperature.
The general form of the emission curve, was a buildup to I and then a
gradual dropoff. The higher the temperature, the more rapid the dropoff of
light emission. The maximum light emission (I ) and the time for the
Rio X
emission to reach one-half of I are determined from these curves. These
max
data are~ summarized TrTtable II." ~ ~
I as a Function of Sample Size
A few tests were run at nearly constant temperature (178.3 to 179.5 °C)
with different sample sizes. I as a function of sample size appears 1n
ffiaX
F1g. 7. An essentially linear relationship between I and sample size was
max
observed. It became apparent that 1n order to correlate the I data some
VTiaX
form of normalization was necessary. Even using the same number of drops of
lubricant yielded slightly different weights. Therefore, a normalized maximum
*
emission (I ) was calculated dividing the observed I by a
w
 lUaX
normalized weight. This weight was calculated by dividing the lubricant
sample size from each test by 0.0512, which was the minimum sample size 1n
this test series (from test B-36). These normalized weights and the
*
calculated I are also summarized 1n Table II.
*
I Versus Temperature
*
Normalized maximum light emission (Imax) as a function of
temperature appears 1n F1g. 8. The data 1s fitted with a geometric least
squares equation.
* / - . . '
Log I as a Function of 1/T
ula X
The data from figure 8 are replotted 1n Arrhenlus fashion In F1g. 9.
i
Here the log of the normalized maximum light emission 1s plotted as a function
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of the reciprocal of the-absolute temperature by using a linear least square
fit. A correlation coefficient of 0.951 was obtained. . -
Log(t1/-)~ as a Function of. 1/T
Another Arrhenlus plot appears 1n F1g. 10. Here the log of the
reciprocal of the time to reach one-half maximum light emission (t,/2)~
1s plotted as a function of the reciprocal of absolute temperature. A
correlation coefficient of 0.962 was determined.
DISCUSSION
Chemlluminescence as Function of Time
As expected, very low background levels of light emission (50 to 100
counts per second) were obtained while the apparatus was being purged with
argon. After the oxygen flow was Initiated, there was no change 1n light
Intensity for approximately 45 sec. Then light emission .Increased for
approximately 30 sec. The rate of Increase decreased at this point but still
continued to build up to a maximum.
The ^Initial delay 1s most likely due to the time required for the argon
to be swept out of, the chamber by the oxygen and for the subsequent diffusion
of oxygen Into the lubricant film.
The Initial Increase 1n light emission which produces a small shoulder on
the emission curve may be due to the presence of adventitious peroxides or
other spede.s which may cause enhanced chemllumlnescence. Similar behavior
has been reported 1n oxylumlnescence studies of polymers (15).
One would now expect a buildup to steady state and a maximum level of
light emission, as Indicated 1n the Idealized curve of F1g. 1. However, the
maximum emission 1s sustained only for a short time. There 1s a dropoff 1n
Intensity which 1s more pronounced as test temperature Increases. This could
be caused by one of several factors:
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(1) The oxidation rate 1s decreasing because of high conversion of the
starting material (ester).
(2) The oxidation rate decreased because of the formation of natural
Inhibitors.
(3) The oxidation rate was constant but the quantum efficiency of the
light emission reaction decreased because of Increased quenching of the
excited state by some product formed during the oxidation process.
(4)—The-ox1dat-1on-rate-was~constant-but-the—1ntens1f-1er—(DPA) was being
depleted.
One drawback of the micro-oxidation apparatus 1s that at high
temperatures much of the material 1s degraded (sometimes more than 50 percent)
(5). However, because of the sensitivity of the CL method, tests can be run
at much lower temperatures (generally less than 200 °C) where conversion may
be only a few percent.
HPLC analysis of the oxidized lubricant as a function of test time
Indicated that the oxidation rate was not decreasing and that much starting
material remained. Therefore possibilities (1) and (2) can be excluded.
v
There 1s no easy way to determine whether possibility (3) occurred.
However, HPLC analysis of the oxidized lubricant Indicated a continual
decrease 1n DPA concentration as a function of test time (F1g. 11). Size
exclusion chromatography showed almost a complete loss of DPA after 30 m1n at
190 to 193 °C. The same analysis showed a continued Increase 1n
high-molecular weight products of the oxidized ester.
Several tests were then performed by using different molar concentrations
of DPA (0.5xlO~3, 2xlO"3 and the standard IxlO"3) at 191 to 192 °C.
I (not normalized) 1s plotted as a function of molar concentration of DPAmax
1n F1g. 12. The amount of test lubricant was nearly constant for each test.
12
It 1s apparent that a linear relationship exists between I and the amount
IIIQ A *
of DPA.
INSENSIFIER DEPLETION
The CL literature does not address the problem of 1ntens1f1er depletion.
All reported work has been done on bulk solutions for which 1ntens1f1er
depletion 1s apparently not significant. In addition, most tests were
performed at relatively low temperatures. Lundeen and Livingston do report a
linear dependence of Intensity on 1ntens1f1er concentration (16). From their
tests they also reported that CL Intensity rose to a maximum and then slowly
decreased. However, they gave no reason for this phenomenon.
Depletion of additives from thin films was reported by Sn1egosk1 (17).
He showed that two commonly used antloxldants were rapidly depleted from thin
oil films placed on bearing steels and exposed to air at room temperature.
Therefore, 1t may not be surprising that DPA was depleted at elevated
temperatures. However, the loss of DPA was not solely due to evaporation. A
test run 1n argon (B-47) at 194 °C showed little depletion of DPA. Therefore,
depletion 1s definitely related to the oxidation process.
The exact fate of the DPA 1s not known. It 1s either oxidized to a more
volatile component or 1t adsorbed on the catalyst specimen. At any rate, for
future work, a different 1ntens1f1er will be tried, such as 9,10
dlbromoanthracene or a heavier molecule, for example rubrene.
It 1s possible to run tests without added 1ntens1f1er. However, when
that was tried (test B-37) light emission was very low (approximately an order
3
of magnitude less than tests with 10 M DPA) at a test temperature of
179 °C. However, other tests (not reported here) do show Increased CL with
Increasing amounts of neat ester.
It should be noted that an 1ntens1f1er has a function other than just
Increasing the efficiency of the emission process. When hydrocarbons oxidize,
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they often form fluorescent products which can then affect the light emission
1n an unpredictable manner. The addition of an 1ntens1f1er effectively masks
this problem.
Since there 1s a linear dependence of light emission on 1ntens1f1er
concentration, CL emission curves can be corrected 1f the actual 1ntens1f1er
concentration 1s known. For example, taking data from the size-exclusion
curves of F1g. 11, one can construct a curve for OPA concentration as a
function time 1n the temperature range of 190 to 193 °C. These data appear 1n
F1g. 13 and are represented with an exponential least-squares-fit.
The actual light emission as a function of time for test B-53
(temperature, 191.9 °C) appears 1n figure 14. When the data from F1g. 13 are
used, and a linear dependence of emission on DPA concentration 1s assumed, an
adjusted emission curve 1s obtained. This curve represents the actual light
emission as a function of time without regard to 1ntens1f1er depletion. The
adjusted curve corrected for DPA depletion shows a plateau which 1s the
expected feature at steady state.
There are two other Important points to be drawn from this corrected
curve. First, the maximum light emission (I ) 1s much greater than the
fTla X
experimentally obtained data. Obviously, this difference depends on
temperature, and 1t 1s more pronounced at higher temperatures. In addition,
the time to reach the plateau on the corrected curve and I for the actual
max
emission curve are different. Therefore, t1/2 1s different. These factors
must be considered 1n the following discussion on activation energy.
Activation Energy
Some kinetic parameters, such as activation energies can be determined
from CL data. It has long been recognized that kinetic data over a wide
temperature range can be represented by an empirical equation proposed by
Arrhenlus (18):
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(13)
where k 1s the rate constant, s, 1s the pre-exponent1al factor, E , the
> * < . ' d
activation energy, R, the gas constant, and T, the absolute temperature. In
logarithmic form
k
 • 2303RT
Therefore, a straight line should be obtained when log k 1s plotted as a
function of the reciprocal of the absolute temperature.
It has been shown that k 1s proportional to I_av, (t, /0)~ , and (t.-)Ina X I / 1 r
(10). The activation energy calculated from the slope of log I as a
function of (T)" 1s usually related to the propagation reaction (Eq. (4)).
When oxygen diffusion Into the oil film 1s rate limiting, Ej = 2EpRopAGATION
(9). ET was found to be 22 kcal/mole (from fig. 9). Therefore, EnDnnArATTntli . • rKUrAuAllUN
1s approximately 11 kcal/mole. The same treatment of (t-i)" (^ 9- 10)
yielded an E. of 25 kcal/mole. This 1s related to the Initiation reaction.
** ' i
For auto-ox1dat1on reactions, 1n the absence of added Initiators, the major
source of free radicals 1s probably thermal decomposition of hydroperoxlde
(13).
ROOH -> RO- + «OH (15)
. • 1 >
This treatment of I
 aM and t, /0 data yielded reasonable values forma x i / c
activation energies. However, 1n light of the discussion Involving
1ntens1f1er depletion, 1t 1s obvious that both values would be changed
considerably 1f 1ntens1f1er concentration were constant.
Oxygen Drop Experiments
As discussed earlier, t or the time for Intensity to drop off after
the oxygen flow 1s cut off, can be related to the oxidation rate Itself.
However, a rise 1n light Intensity after oxygen cutoff was not observed 1n
15
these studies. Since very little oxygen 1s contained 1n the thin film, 1t may
be depleted before any decrease 1n quenching can be detected. It has also
been reported that when an 1ntens1f1er 1s used, the lifetime of the emitting
species 1s sometimes shortened to such an extent that oxygen drop 1s not
observed (19). The long time constant (30 sec) used 1n gathering these data
also reduces the probability of detection.
INITIATOR
All tests except-B-38 were run-without-added Initiators. In B-38,
210 H azo1sobutyron1tr1le (AIBN) was added. An Induction period of
10.8 m1n was obtained for this test compared with 15.0 m1n for test B-35 run
at a comparable temperature without an-Initiator. Although this variation 1s
not much greater than test to test reproduc1b1!1ty, future work should employ
an Initiator to Improve Induction period reprodudblHty.
It can be concluded that chem1lum1nescence 1s a viable technique for
studying oxidation phenomena 1n thin films. However, problems of 1ntens1f1er
depletion and poor temperature control must be addressed.
SUMMARY OF RESULTS
A chemlluminescence technique was used to study the oxidation
characteristics of a pure ester (trlmethyolpropane trlheptanoate). Tests were
conducted 1n a thin film m1cro-ox1dat1on apparatus .with an oxygen atmosphere
over a temperature range of 176 to 206 °C. The following results were
obtained:
(1) The oxidation of the ester was accompanied by emission of light 1n
the wavelength range of 160 to 850 nm.
(2) Maximum light emission was a function of the amount of ester,
concentration of 1ntens1f1er, and temperature.
(3) Log of the Induction period (the t-.1me to reach one-half of maximum
Intensity) was Inversely proportional to temperature.
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(4) Decreases 1n light emission at the later stages of a test were caused
by depletion of 1ntens1f1er.
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TABLE I. - PHYSICAL AND CHEMICAL PROPERTIES OF
TRIMETHYOLPROPANE TRIHEPTANOATE
Viscosity, cS
at 99 °C
at 38 °C
at -18 °C
at -40 °C
Pour point, °C
Specific gravity, 25 °C
Color, ASTM
Flash point, °C, COC
Fire point, °C, COC
Auto ignition temperature, °C, ASTM D2155
Moisture content, percent
Foaming tendency, ASTM D892
Sequence I
Sequence II
Sequence III
Evaporation, wt %
After 6.5 hr, 204 °C
After 22 hr, 149 °C
Shell 4-ball wear test
Scar diameter, mm (54 °C, 600 rpm, 1 hr)
1 kg load
10 kg load
40 kg load
3.5
15.2
287
2400
-68
0.963
1.0
238
216
463
0.02
Nil
Nil
Nil
6.0
0.38
0.21
0.43
0.57
TABLE II. - SUMMARY OF TEST DATA - LUBRICANT: TRIMETHYOLPROPANE TRIHEPTANOATE; CATALYST:
ALUMINUM ALLOY 2024; ATMOSPHERE: OXYGEN; INTENSIFIER: 9,10 OIPHENYLANTHRACENE (10~3 M)
Test
B-23
B-24
B-29
B-32
B-30
aB-38
B-35bB 37
B-25
B-26
B-27
6-28
B-36
B-39
B-48
B-40
B 51
cB-57
dB-56
B-52
B-50
dB-58
cB-55
B-53
B-54
B-46
eB-47
B-45
B-41
B-44
B-42
B-43
Lubricant
weight,
9
0.0671
.0701
.1211
.0702
.1189
.0699
.1367
0686
.0742
.0707
.0620
.1036
.0512
.0717
.0692
.0696
0694
.0689
.0734
.0675
.0779
.0696
.0751
.0680
.0697
.0688
.0713
.0713
.0687
.0659
.0723
.0780
Normalized
weight,
dim
1.31
1.37
2.37
1.49
2.32
1.37
2.67
1 34
1.45
1.38
1.21
2.02
1.00
1.40
1.35
1.36
1 36
1.35
1.43
1.32
1.52
1.36
1.47
1.33
1.36
1.34
1.39
1.39
1.34
1.29
1.41
1.52
Maximum light
emission, Imax,
arb. units
19
14.5
49
23
51.5
26
64
•}
23
26
21
44
21.5
36.5
46.5
46
90
32.5
53
27
113.5
57.5
56
51
0
60.5
58
64
85.5
114
Normalized maximum
Ijght emission,
Imax, arb. units
14.5
10.6
20.7
16.8
22.2
19
24
2 '
15.9
18.8
17.4
21.8
21.5
26.1
34.4
33.8
66.7
22.7
34.9
19.9
77.2
43.2
41.2
38.1
43.5
43.3
49.6
60.6
75
Induction
time, t1/2,
mm
15.5
18.0
15.8
12.3
14.0
10.8
15.0
fi R
13.8
13.5
10.8
12.5
9.3
7.8
7.0
7.8
7.3
6.4
6.5
6.5
7.0
6.3
6.3
5.8
5.8
2.5
4.5
3.8
3.0
Average
temperature,
°C
176
176.5
176.5
178.3
178.5
178.8
178.9
1 7Q 1
179.5
179.5
179.5
179.5
184.6
189.6
190
190.2
inn -3
191.1
191.4
191.5
191.5
191.6
191.8
191.9
193.3
193.5
194
194.3
197.3
197.8
201.3
206
Total
test
time,
mm
40
43
60
36
35
33
45
0(1
36
33
60
60
30
20
15
20
C
20
20
10
15
22
20
20
30
15
15
7
15
10
10
Initiator added, azoisobutyronitnle 10~2
bNo intensifier
clntensifier concentration, 2xlO~3 M
dlntensifler concentration, 0.5xlO~^ M
eNo oxygen (Argon atmosphere)
1/2 I max
OXYGEN OFF
~\
OXYGEN ON J OXYGEN
DROP
TIME
Figure 1. - Idealized curve of light emission as a function of time for
an oxidation reaction.
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Figure 2. - Chem(luminescence micro-oxidation apparatus.
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Figure 3. - Schematic of chemiluminescence apparatus.
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(a) Trimethyolpropane triheptanoate.
(b) 9,10-Diphenylanthracene.
Figure4. -Chemical structures.
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Figure 5. - Catalyst dimensions.
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Figure 6. - Chemiluminescence as a function of time for
trimethyolpropane triheptonate +10"^ M diphenyl-
anthracene at various temperatures (aluminum 2024
catalyst, oxygen atmosphere).
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Figure 7. - Maximum light emission dmax) as a
function of sample size, 178.3 to 179.5 °C,
DPA (10"3M)in TMPTH, aluminum 2024
catalyst, oxygen atmosphere.'
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Figure 8. - Normalized maximum light emission
(I*
 x) as a function of temperature, DPA
(10"^  M) in TMPTH, aluminum 2024 catalyst,
oxygen atmosphere.
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Figure 9. - Log of normalized maximum light emission
(log Imax) as a function of ttie reciprocal of the abso-
lute temperature, DPA (10~3M) in TMPTH, aluminum
2024 catalyst, oxygen atmosphere.
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Figure 10. - Log of reciprocal of time to reach one
half of maximum light emission (t^) as a
function of the reciprocal of absolute tempera-
ture (K'1), DPA (10"3M) in TMPTH, aluminum
2024 catalyst, oxygen atmosphere.
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Figure 11. - Size exclusion chromatograms of oxidized TMPTH
+ 10"3 M DPA at various test times (temperature 190 to 193 °C.
aluminum 2024 catalyst, oxygen atmosphere).
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Figure 12. - Maximum light emission dmax) as a function
of molar concentration of diphenylanthracene (DPA)
TMPTH, aluminum 2024 catalyst, 191 to 192 °C, oxygen
atmosphere.
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Figure 13. - Concentration of diphenylanthracene as a
function of test time (190 to 193 °C, aluminum 2024
catalyst, oxygen atmosphere).
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Figure 14. - Actual light emission
as a function of time for test
B-53and emission corrected
for DPA depletion (191.9 °C,
aluminum 2024 catalyst, oxy-
gen atmosphere).
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